RTB is a broad alliance of research-for-development stakeholders and partners. Our shared purpose is to exploit the potential of root, tuber, and banana crops for improving nutrition and food security, increasing income generation, and fostering greater gender equity-especially amongst the world's poorest and most vulnerable populations.
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Multi-stakeholder framework for intervening in RTB seed systems
Introduction
Root, tuber, and banana (RTB) crops include cassava, potato, sweetpotato, yams, and bananas. These are important staple crops, especially in developing countries, where they are produced by about 200 million farmers, and contribute to food security.
Because RTB seed is vegetative planting material (roots, tubers, vines, stem cuttings, suckers), RTB seed systems are not like those of grain and pulse crops, which have usually dominated the research-anddevelopment agenda. Vegetative seed has the advantage of allowing the crop to multiply true-to-type, because the planting materials are clones, genetically identical to the parent plant. This can make these crops more uniform. On the other hand, RTB seed is more susceptible to carrying pests (including viruses and other pathogens, according to the FAO's 1996 definition) . This makes vegetative seed more challenging to manage than true seed. Vegetative seed is also highly perishable, and RTB crops require many more kilograms of seed per hectare than do grains or pulses. For all these reasons, RTB seed is more likely to be produced and distributed locally than grain or legume seed.
RTB seed systems have suffered from low investments, weakly organized value chains, and poorly documented evidence of the value of interventions, among other shortcomings. In recent years, however, major donors have been investing heavily in RTB seed systems, to disseminate new varieties and reduce the yield gap in existing ones.
The objective of this user's guide is to present a tool-the multi-stakeholder framework for intervening in RTB seed systems-to help practitioners, donors, and policymakers to improve interventions on RTB seed systems, especially on the design and analysis of the interventions. The guide is not intended as a step-by-step procedure, but rather is a simple yet powerful tool to realize the complexity of RTB seed systems; take into consideration perspectives of different stakeholders; and have elements to improve availability, access, and quality of RTB seed. The framework should be used in combination with existing tools (e.g., literature reviews, participatory rural appraisal, market studies, yield gap analysis, etc.) and other tools that are being developed at the moment (e.g., models for degeneration of RTB planting material, impact network analysis, etc.).
The Framework
The tool that is described in the user's guide is a slightly modified version of the multi-stakeholder framework for intervening in RTB seed systems (Sperling, Ortiz, and Thiele 2013) . This framework is a table (Table 1) ; the first column lists the stakeholders (people, roles, or organizations) of the seed system. The characteristics of the seed system (availability, access, and quality) are listed across the top row. The multi-stakeholder framework is an adaptation of the seed system security assessment (SSSA). Remington and colleagues (2002) developed the SSSA framework with the three parameters of access, availability, and utilization (quality), derived from concepts of food security. Distinguishing access from availability became extremely useful to identify whether an emergency required seed to be imported from far away (availability problem) versus improved local movement of seed (access problem). This simple dichotomy helped Catholic Relief Services (CRS) and partners move away from doing emergency seed work with imported seed to addressing access with vouchers. These three parameters were developed and put into practice many times by CRS and partners in the context of emergencies. Sperling (2008) later coined the term "SSSA" and applied it to a wider range of development contexts, not just for emergencies.
Between December 2012 and September 2015, the SSSA framework was adapted for the CGIAR Research Program on Roots, Tubers and Bananas (RTB) during five workshops, revised by expertsmainly from RTB-but also nongovernmental organizations (NGOs) and Wageningen University. During these workshops, case studies were chosen to test and refine the multi-stakeholder framework under different conditions, maximizing diversity (various crops, in Latin America and Africa, from community projects to multinational ones). The authors of the case studies were insiders, with much experience working in the region and with that particular crop. These case studies have been compiled as a book (Andrade-Piedra et al. 2016) . The multi-stakeholder framework for intervening in RTB seed systems is referred to as "the framework" from here on.
DEFINITIONS OF CONCEPTS IN THE FRAMEWORK

Seed system
A seed system is the network of stakeholders involved in producing and planting the seed (including vegetative seed) of a particular crop in a certain area. The seed system is associated with certain agricultural and seed-production technologies, and with the genetic resources needed to produce the seed. Seed systems can be formal or informal, depending on the extent of regulation and integration with the public and commercial seed sector. Formal seed sector regulation varies by crop and context, but by definition includes some form of an inspection process known as "certification" and controls over crop varieties, to ensure that available seed is healthy and of a recognized variety. Informal seed systems are less regulated. They are also huge, diverse, and poorly documented.
Stakeholders
This section defines various groups of stakeholders (e.g., actors, organizations involved in a given activity). The stakeholders in a seed system or intervention may include:
• Policymakers, who set national policy for seed, including seed quarantine, seed certification, and research and extension. Local officials (e.g., at the district level) may also be included.
• Donors, including private foundations, multilateral (e.g., UN agencies), and bilateral (e.g., the United States Agency for International Development), who fund projects for agricultural research and development. National governments, especially in middle income countries, also fund important seed system interventions. This group of stakeholders has not previously been considered in the framework, but probably should be.
• Agricultural researchers include scientists at national and international centers. Plant breeders develop new crop varieties, but other researchers are important for creating new pest and disease management techniques (e.g., for seed-borne pests and diseases) and for seed management (e.g., storage, planting densities). Social scientists such as anthropologists, economists, and gender specialists help to describe the goals and perspectives of different stakeholders in the seed system and address particular questions (such as why varieties are being adopted or rejected). Some research agencies also multiply seed, and curate the breeder seed, use to produce certified seed. Ideally, research links with extension to learn farmers' demands and to offer solutions to seed growers and seed users.
• Traders buy and sell seed. They often deal in informal seed, but they can also traffic formal, certified seed. They may be found in local markets, and often have other activities besides dealing in seed (e.g., buying and selling ware produce as well).
• The private seed sector includes companies dedicated to producing or selling seed, often as part of the formal sector.
• Farmer organizations and specialized seed producers. The key word is "specialized." These are not simply farmers who sell some of their ware production as seed. They are using some technique to produce a crop designated as seed, and they are usually organized into farmers' groups (FGs). Some seed producers are highly organized and some are ad hoc creations of a project. Women often participate in these groups, and some groups are made up only of women.
• Extension (NGOs and government agencies) teach the seed users and the specialized seed producers to manage the seed. Extensionists do most of the work on the projects led by international research, mainly because NGOs and extension agencies have the personnel to do all the work: to train farmers, strengthen FGs, multiply seed in the field, distribute planting material, and conduct awareness campaigns.
• Private food sector processors include food manufacturers; supermarkets; and even restaurants and others who buy ware produce, add value to it, and sell it. Some processors actually distribute seed, but this group is more important as a stimulus-buying farmers' commodities, demanding certain varieties, setting quality standards (e.g., potatoes of just the right size and composition for making into chips), and requiring a stable supply of produce.
• Seed users are the most important stakeholders. They are the farmers who buy or trade for the seed, who accept or reject the new crop varieties, and who still manage the bulk of crop seed on their own farms. Many of the seed users are women, whose livelihoods can be enhanced through proper seed interventions.
This list of stakeholders is suggestive, and can be added to. As you design your own framework for your own seed system, you may want to split some stakeholder categories in two or add new types of stakeholders.
Seed system characteristics
The characteristics of a seed system are here defined as availability of seed, access to seed, and seed quality.
Availability (of seed): Seed supply; the physical existence of the seed; having enough seed at the right place and time.
Access (to seed): Farmers have money or other resources to obtain and use seed. Access is divided into three subcategories: delivery channel, affordability, and awareness.
• Delivery channel. The transport, location, distribution, and logistics of getting seed from point A to point B.
• Affordability. The farmers can buy the seed at the price at which it is offered. The seed is profitable to use. Affordability can be influenced by markets; as farmers earn more money from a crop, they can afford to pay more for seed. An intervention can make seed more affordable through subsidies, including vouchers (where farmers receive a piece of paper which they can exchange for seed).
• Awareness. Information about how and where to get quality seed and how to use it; includes information on prices.
Seed quality includes the concepts of (1) desirable varieties and (2) quality, in the strict sense, of health, genetic purity, physiological age, and physical quality.
• Desirable crop varieties, especially those that respond to market or farmer demand. "Desirable varieties" is often taken to mean of modern varieties, improved for higher yields or better nutrition; but farmers may also demand local varieties. Biodiversity (in a seed system) includes the genetic diversity of local varieties (sometimes also called land races, biotypes, or ecotypes) of crops. Each crop has a wealth of genetic diversity, which is often threatened (by replacement with modern varieties).
Quality (health, genetic purity, physiological age, and physical quality)
• Quality seed is healthy: pests (including emerging ones) have been managed.
• Genetic purity: seed has no mixtures of other varieties.
• The seed is of good physiological quality-for example, not dried out-and of the appropriate age (e.g., seed potato tubers are often aged until they are green and sprouted, and yam seed has a dormancy period, but most other RTB seed is best planted fresh).
• The seed is of good physical quality (e.g., the right shape and size for planting) and free of mechanical damage.
Gender (e.g., of seed producers and seed users) should be considered when analyzing seed availability, access, and quality. For example, women smallholders may be less able to afford seed, and so have unique problems with access.
Using the Framework
The framework can be used to plan an intervention, and to analyze the results of an intervention. So far, the framework has been used mostly after the project has ended, to analyze results of an intervention (see the book of case studies, Andrade-Piedra et al. 2016; see also CONPAPA and Marando Bora examples, below).
Before starting an intervention, the framework can help to organize one's thoughts by doing a context analysis to understand the socioeconomic conditions on which the seed system is operating: a literature review of the crop and the geographical area of the intervention (see Figure 1 ). Topics should include:
• Key stakeholders
• Type of farming systems
• Market importance of the crop M U L T I -S T A K E H O L D E R F R A M E W O R K F O R I N T E R V E N I N G I N R T B S E E D S Y S T E M S
• General seed sector characteristics
• Trends, developments, ongoing change of context.
Place special emphasis on interventions previously conducted with this crop, in your project area. A review of publications and gray literature is fast and easy, and allows you to ask better questions of the people you will interview later. If needed, complement with field visits using existing tools-for example, a participatory rural appraisal through key informant interviews, field visits, and the like.
USING THE FRAMEWORK BEFORE THE INTERVENTION
The framework can be used to help design the intervention, by understanding the existing seed system and identifying key bottlenecks. The use of the framework to plan an intervention has yet to be validated.
Use the Framework to understand the existing seed system
Once you have defined your stakeholders (from the context analysis), place them in the first column (as in Table 2 ) and place the characteristics of the seed system in the first row. Fill in each cell with one or more questions: What role does that stakeholder play regarding that characteristic of the seed system? What do you need to know about the stakeholder's role in order to design a seed intervention? Examples of the types of questions to ask are listed in Table 2 . You may also craft your own questions to ask about the system.
To answer the questions required, we will need different tools from social sciences (interviews, market studies, etc.) and from biological sciences (yield gap analysis, experiments to assess the effect of seed quality, surveys to estimate incidence or severity of a pest, etc.). The timeframe for answering these questions varies from a study that can take a couple of weeks to a study of a couple of years or more.
In cases where information is critical but a full study cannot be conducted, we can always make educated guesses with key informants or assumptions as explicit as possible. Importantly, in these cases 7 the framework is actually helping to define research agendas by pointing out the topics that need to be addressed in order to answer a research question or test a hypothesis.
Hold key informant interviews with people who represent the different stakeholders. During the interviews, ask them to discuss the questions that you have previously identified in your own version of Table 2 . For example, ask the policymakers to explain seed certification policy. Ask the researchers how they identify demands for new varieties, and so on. Each interview will consist of several questions.
There are various published guides on how to do a semi-structured interview (e.g., McCracken, Pretty, and Conway 1988; Bentley and Baker 2002, chapter 4) .
Certain questions can be asked in multi-stakeholder workshops. Since we expect discussions and potential agreements or disagreements among stakeholders, facilitation should be carefully done. For some basic ideas on how to facilitate a workshop, see Hogan (2002) and Seeds of Change (2011). See also Ogero, Pamba, and Walsh (2015) for the results of an evaluation workshop using the framework. 
Use the Framework to identify issues for interventions
After using the questions in Table 2 to learn about the existing seed system, the framework can be used to identify bottlenecks and define key actions for the seed system intervention. Bear in mind the stakeholders in the intervention, and the roles that each will play (Table 3) .
In many cases, we expect that the interventions will be based on a few critical assumptions, because conducting full studies is usually beyond the scope of development projects. In those cases, we should consider collecting information to test the assumptions at the same time the project is implemented, to provide feedback and redirect the intervention in iterative cycles of action and research. 
USING THE FRAMEWORK TO MONITOR ONGOING INTERVENTIONS AND ANALYZE
COMPLETED INTERVENTIONS
As a seed system intervention progresses, bottlenecks will be solved and perhaps new bottlenecks encountered, periodically. The framework can thus help to visualize and document the evolution of seed system functions over time. After the intervention, the framework will help to identify critical issues to improve future seed system interventions. The same questions of Table 2 can be asked of stakeholders that participated in the intervention.
In addition to the questions generated by the framework, you may include:
• Brief description of the activities components, scale, and scope.
• Theory of change: what assumptions were made on the farmer-demand of seed, the seed quality of local seed versus project seed
• Information on scaling up, achieved objectives, impact (monitoring and evaluation component).
Testing the framework to analyze interventions that have been completed was done using 13 cases (Andrade-Piedra et al. 2016) . Two of those case studies are summarized below.
CONPAPA (potatoes in Ecuador)
CONPAPA is a farmers' organization in Ecuador, established to connect smallholders to their buyers and to consumers in the cities. Researchers helped the organized farmers create links with buyers. Those new links, and an expanding market for potatoes to supply the cities, allowed farmers to sell better potatoes at higher prices. Improved sales meant that farmers could now afford seed, but not certified seed, which was often in short supply anyway. Smallholders in CONPAPA organized themselves to buy high-quality source seed potato from Ecuador's National Agricultural Research Institute, plant it, and produce their own QDS, which they sell to seed users. Organized seed producers receive training and collaborate in quality control visits. CONPAPA does quality control with the farmers (not like a visit from the police), finding problems, and counseling farmers on how to improve quality in the future. CONPAPA's experience with seed has influenced the Ministry of Agriculture in Ecuador to change the quality control guidelines used for certified seed, and include parameters developed by the intervention, for a seed category equivalent to QDS as part of the legal seed system (Table 4) . Marando Bora ("better vine") was a project designed to share healthy sweetpotato planting material with 150,000 farmers in Tanzania. The project trained some farmers to produce sweetpotato vines alone and others as groups. Women farmers often appreciated producing vines in groups as a way of overcoming the scarcity of land and other resources. These vine producers would sell their planting material to other farmers, who would pay with subsidized vouchers. The vine growers produced several improved varieties, which they reproduced from virus-free material, although there were problems with re-infection in the field. Various NGOs provided training and facilitated FGs, although this took more time than was anticipated and some of the NGOs could not keep up with all of their groups. In the second year of the project, more vines were produced en masse at central points. Some vines were given to farmers for free at schools, reducing the transaction costs of the voucher system. The project sensitized farmers to buy the vines. Virus-free seed can improve yields if farmers buy enough vines to plant a whole field (Table 5) . 
Conclusion
We propose the multi-stakeholder framework as a practical tool for use during planning, monitoring, and implementation of RTB seed system interventions. The framework is useful for thinking in a more integrated and holistic way. It promotes a taking into account different stakeholders and key characteristics (especially access, availability, and quality), recognizing that stakeholders often have unique perspectives and agendas for these characteristics, which can be even in conflict with the perspectives of others. Also, the perspectives of different stakeholders are not always recognized from the start of project design. Some interventions ignore the perspective of some stakeholders on certain issues while giving significant credence to the perspective of other stakeholders on the same issue. Unfortunately, this is not unique to RTB seed interventions.
This simple framework for analyzing RTB seed systems and interventions can be used across different crops. It will be useful to have such a standard analytic framework with which to assess, design, plan, and evaluate seed system interventions. The framework promotes a common vocabulary for seed practitioners to communicate, draw distinctions, make comparisons, assess similarities even across the different countries and cultures that care for and are, in turn, fed by banana, cassava, potato, sweetpotato, yam, and other RTB crops.
